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Appendix F  Radiation Effects at Low Doses

For the Hiroshima and Nagasakiombs, the exposure ofthe population was
primarily from gammarays and neutrons etteid almostsimultaneously witithe bomb
explosion. The observational evidender radiation-induced cancer in hams comes
largely from theseexposures and others in whitdrge doses wergeceivedover short
periods of timeHowever, forthe setting of environmentatandards and for gauging the
consequences of exposunesitinely received by the genenaliblic, the mostimportant
doses are relatively small doses received over long periods of time.

Conventional Assumption for Low Doses: the Linearity Hypothesis

In the absence of directly applicable observatiamatence,the rate of cancer
induction atlow dosesand doseates is estimated by extrapolatibom observations at
high doses. A particularly simple extrapolatiestimate igorovided bythe widely-adopted
linearity hypothesis according to whichhe increasedisk is proportional tadhe excess
radiation dose.

This hypothesis habeen adopted by the majadvisory bodies irtheir recent
publications.There aresome differences in details and several of thgsreips (ICRP,
NCRP and UNSCEAR, but not BEIR V) have included a dose andrdteseffectiveness
factor (variously, DDREF or DREF) of about 2, which halves the risk perdos# at low
doses or low dose rates (or both) compared to the risk giverlifigaa extrapolation from
the high dose region. [Seend note at the end of Chapter fbb identification of these

groups.]

Taking the DDREF into account, as well as other minor differences in the estimates,
an overall consensus estimate for low doses and low dose rates is:

risk of eventual fatal cancer: 0.05 per Sv (0.0005 per rem).

This risk factor can be taken to apply to an “averpgeson” but in its most precise form
applies to a generglopulation. Consider a population 00,000, with a representative
distribution by age and sex. Then, for example, if each person receives a 2bseSvhe
collective exposure is 2000 person-Sv and the calculated number of exertsl cancer
deaths is 100.

Despite beingwidely accepted as a guideline in settisandards forprotecting
public health, the linearity hypothesis is not firmly established as an expressmartific
knowledge. Thus, the BEIR V report expresses the following major reservation:

. departurefrom linearity cannot beexcluded atlow dosesbelow the range of
observation. Sucldepartures could be ithe direction of either alincreased odecreased
risk. Moreover, epidemiologicatlata cannot rigorouslyexclude the existence of a
threshold in the millisievertioserange. Thus th@ossibility thattheremay be no risks
from exposures comparable to natusatkground radiatiomannot beruled out. At such
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low dosesanddoserates, it must backnowledgedhat the lowelimit of the range of
uncertainty in the risk estimates extends to zero.

Reflecting theuncertainties, manglternativeforms have beenproposed for the
shape of the curve relating cancer risk and radiation dose (see Figure F-1). These include:
1. The linearity assumption [curve B].
2. Greater risk at low doses than implied by linearity (“supra-linearity”) [curve A].
3. Alinear-quadratic curve in which the low-dose risk is depressed [curve C].
4. A negative region at very low doses, corresponding to a beneficial effect (this is
termed hormesis) [curve D].

5. Athreshold, below which there is no appreciable cancer induction [not shown].
6. A DDREF which reduceshe risk below that calculatedfor linearity [not
shown].
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Figure F-1 Alternative assumptions for the extrapolation of daacerrisk vs. radiation dose tdow-dose
levels, given a known risk at a higlose: supra-linearit¢A), linear (B), linear-quadratidC) and hormesis

(D).

The conventional wsdom, ageflected by the chieddvisory bodies, is taccept linearity
(1), usually with inclusion of @DDREF (6). Alternatives(2) and (4)are outside the
mainstream of standamssessmentsand can be considered to be maverigknions,
although of late more serious attention has been given to hormesis (4)thadpassibility
of adaptive mechanisms that might explain it.

The most substantial dissent from the conventional wisddireisontention that at
low doses the effects are much lower tiraplied by linearity. This view igeflected in a
position statementssued inearly 1996 by the Health Physics Societya leading US
professional organization. According to this statement, for doses below 100 m&m{)10
“risks of health effects are either too small to dleserved orare non-existent.” This
statement reflects theery controversial status diie assessment dhe radiationrisks at
low doses.
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Evidence on Radiation Effects at Low Doses and Low Dose Rates

In principle, the uncertaintiesurrounding low-dose/low-dose-ratéfects could be
settled by thestudy of populationghat have beemxposed to slightly above-average
radiationdoses. Suclpopulations exist in mangountries,including China, India,Brazil
and the UnitedStates. However, due to statistical uncertaintiethe difficulties of
establishing appropriate comparison groups, lackl of consistency amonstudies,these
studies have not provided convinciegidence either tsupport orrefute the linearity
hypothesis.

A second possibility is to look at the experiencevofkers inthe nucleaindustry.
The results of individual studies have been inconclusive, anthvestigate thematter
further a combined analysiesbeen carried out ofeven studies—three for sites in the
United StategHanford, Oak Ridge, and RockyFlats), three for sites inthe United
Kingdom, and one for Canada. A total 86,673 workers was included, of whom 60%
received effective doses above 10 mSv (1 rem). In the entire population, therkEy@ae
deaths, of which 3976 were from cancBne comprehensiveesults forall cancers taken
together showed a very slight decreaseancer ratevith increasingdose. Howeverthis
result had no statistical sidicance. Of possiblgreater statistical significance is a slight
increase with radiation dose for some types of leukemia. Overall, the statistical uncertainties
were large enough that the analysis did not rule out linearity or any of thealbéneative
dose-response curves indicated in Figure 15-1—although it does set afimper the
possible magnitude of a hypothesized supra-linearity effect.

There is ongyroup of nuclearindustry workers for whictithere hasbeen well-
established harm, namely uranium miners who received large doses from radibeadynd
have elevatetling cancerrates.The radon in mines originates frothe decay of radium
and the seepage of the resulting radon into the mine. There is similar seepasEnahto
houses,causing a buildup of indoaiadon, although usually at levels far below those
experienced by the early uraniumners.The EPA estimates thatdoor radon noweads
to 7000 to 30,000 lung cancer fatalities per year in the United States.

Efforts to confirm directly the effects of indoor radon have led to mixed and highly
controversialconclusions.One class of studiestermed ecologicaktudies, looks for
correlations between the average radon level in a region and thealucey fatalityrate. In
the largest and best known of thestedies,coveringl,729 counties in the Unite&tates,
Bernard Cohen finds the county-by-county lung cancer rates to be inversely correlated with
averageradon levels Although many readers have interpreted #iigdy as suggesting
hormesis, Cohen liits his conclusions to sayinthat the results refutethe linearity
hypothesis. This studgovered most othe US population, and thereforthe statistical
uncertainties are small.

However, these conclusionsare hotly disputed by those whaontend that
ecologicalstudiesare inherenthfflawed. They call insteadfor reliance on epidemiological
studies in which comparisorge made betweegroups of individuals, wherthe radon
exposure and health history is determined for each persoaséacontrolstudies, a group
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of lung cancer victims is matched against@-diseased contrgiroup andhe history of

past radon exposure is compared. In an analysis publistesily1997, Jay ubin and

John Boice carried out a combined analysishefeight largest case-contsilidies. From

this combined data, they find a positive correlation between risk and dose, consistent with a
linear extrapolation from the data on miners. The contradiction betiviseresult andhat

of Cohen will probably not be resolved without additional studies.

In summary, none ofhese approachesas provided unambiguowevidence of
cancer induction at lowlose levels, antheissueremains highly controversial. In 190
report, the ICRP concluded that: “Overall, studies at low dose, wbintially relevant to
the radiation protectioproblem,have contributedittle to quantitativeestimates ofisk.”
Progresssince 1990 does noappear to have decisively changed siteation. It is not
obviousthat epidemiological or ecologicatudies of any sonvill be able toresolve the
guestion ofthe effects of low-levetadiation, although ishould be possible to set upper
limits on the magnitude of any effects.

In the end, the answersmay have to com&om abetterunderstanding oflamage
and repair mechanisms at teellular or moleculadevel. Here as well, however, the
fundamentalissuesare still unsettled. For example, in a 1994 UNSCEA&port on
adaptiveresponses to radiatiothe state oknowledge wasummarized in thdollowing
cautious manner:

It is to be hoped that better understanding of mechanisms of radéfeots obtained
in molecular studies might provide a basis upon whicjudge the role ofadaptive
response in the organism. In the meantimeyatld be premature to concludieat

cellular adaptiveresponsegould conveypossiblebeneficial effects tahe organism
that would outweigh the detrimental effects of exposure to low doses...

It is these uncertainties, on biological as well as epidemiological questions, that keep the
controversies alive.

The termadaptiverefers to processes that, in the words of the 1994 UNSCEAR Report, “. candigion
cells so as to induce processes that reduce either the niatidahce of cancer iits various forms or the
likelihood of excess cancers being caused by further ionizing radiation.”

’For example, it has been pointedt thatcancerratesarelower in Coloradahan in Louisiana, although
the dosesfrom terrestrialradiationand cosmic raysareroughly 1 mSv/yrgreater in Coloradalue to the
mineral content of the ground and the higher altitude. But this comparison carries little signifiituoce:
extensive comparisons of other factors that might influence the cancer rates in the two populations.
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